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INTRODUCTION
Edema (subcutaneous edema) is an abnormally large fluid volume in the circulatory system or in the tissues between cells (interstitial spaces), and is characteristically observed as a region of T2 hyperintensity and T1 hypointensity on magnetic resonance (MR) images (1) . A fluid signal is frequently observed in the subcutaneous soft tissues of the posterior aspect of the spine and is usually considered an incidental finding (2) . Thus, most radiologists tend to disregard posterior lumbar subcutaneous (PLS) edema on spine MR images. Of course, edema may be a reasonable and a negligible finding given the obvious history of recent trauma, surgery or a systemic edematous condition. Nevertheless, we considered that a finding of lower back subcutaneous edema or fluid collection warrants careful investigation to determine the cause, particularly when spine MRI is performed as the first im-patients had been included within the 138 study patients. Hence, the remaining 80 infectious spondylitis patients without PLS edema were enrolled as the control.
All available medical records were reviewed, and details of clinical and pathologic conditions, including underlying disease, symptoms, occupational history or lifestyle, operation or trauma history, body weight and height for body mass index (BMI) calculation, and clinical impressions were collated for analysis.
BMI was defined as the weight 
MR Technique
MR imaging of the spine was performed using a 1.5 or 3 T system equipped with a spinal surface or a phased array coil.
Axial and sagittal T1-and T2-weighted MR images were obtained for all study subjects. T1-weighted turbo spin-echo (SE) 
MATERIALS AND METHODS

Patients
The study was approved by the institutional review board of our Hospital, which waived the requirement for informed consent due to the retrospective nature of the study.
All lumbar spine MR images (n = 1524) obtained at our institution between January and December 2009 were collected, and cases with findings of "subcutaneous edema" and "subcutaneous fluid collection in the back area" were selected. Cases of spinal tumor and diffuse bone metastasis were excluded. In total, the case records of 236 patients were retrieved, and of these, 57 patients with a history of lumbosacral spine surgery within six months prior to imaging and 41 patients with a recent trauma history were excluded. Therefore, 138 patients with PLS edema were enrolled in this retrospective study. The study population consisted of 80 women and 58 men (age range, 13-90 years; mean age, 60.7 years). In addition, we searched our radiology database for infectious spondylitis cases detected in the same period in order to evaluate the relation between infection and edema. As a result, 141 patients (64 women, 77 men; age range, 14-84 years; mean age, 63.7 years) with infectious spondylitis with/without PLS edema were identified. Already, 61 of the 141 scale. Furthermore, when definite fluid collection was observed, a 2-point scoring system was used to describe the width and depth of the fluid collection. Regarding the depth of fluid collection, a score of 1 was awarded when the depth was less than half the full thickness of the dorsal subcutaneous fat layer, whereas a score of 2 was awarded for greater depths. In terms of the width of fluid collection, a score of 1 was awarded when the fluid width did not exceed either the facet joint level, and a score of 2 was awarded when it exceeded the bilateral facet joint levels.
The possible maximum score was 10 ( Fig. 1A, B ). 
Image Analysis
When a patient underwent multiple MR imaging examinations, only the first examination was included in this study.
Lumbar MR images were retrospectively reviewed by two radiologists in consensus. PLS edema was presumed to be present in the subcutaneous soft tissue of the back when an ill-defined or infiltrative reticular pattern of characteristic T2 hyperintensity and T1 hypointensity was observed on MR images. In addition, discrete fluid collections, depicted as well-defined accumulations, were also considered as edema.
The degree of PLS edema was quantified using an arbitrary scoring system. Lumbar edema with a reticular pattern along the superficial fascia was scored on a scale of 1-3, according to the edema length relative to the vertebral bodies on sagittal images, as follows: 1, < the height of one vertebra; 2, ≥ the height of the one vertebra but < three vertebrae; 3, ≥ three vertebrae. In addition, lumbar edema with fluid collection, depicted as wellmarginated discrete accumulations of homogeneous T2 hyperintensity, was graded in a similar fashion using a three-point Thirty three cases (24%) had an underlying disease; diabetes mellitus (DM) in 28 (Fig. 2) , a tumor in 10 (breast cancer in three, cervical cancer in two, hepatocellular carcinoma in two, prostatic cancer in one, brain tumor in one, and multiple myeloma in one), a heart problem (including congestive heart failure and valve disease) in 6, chronic renal failure (CRF) in 6, liver cirrhosis (LC) in 5, and connective tissue disorder in one. Twelve cases had more than one underlying disease.
Sixty-one (44%) and 44 (32%) of the 138 cases had infectious spondylitis or an idiopathic condition, which did not have an underlying disease, and other conditions causing general edema. Infectious spondylitis cases were all pyogenic. Of the 61 cases with infectious spondylitis, eight had an infectious condition only at the thoracic spine level (Fig. 3) . The average edema score of the 61 cases with infectious spondylitis was 5.05. Of the 141 study subjects with infectious spondylitis patients, 61 (43%) cases showed PLS edema and 80 (57%) presented no PLS edema.
Pearson's correlation coefficients showed no significant correlaone vertebral body (Fig. 1C, D) . Relations were sought between these results and the degree of edema.
Statistical Analysis
Pearson' s correlation coefficients and multiple linear regression analysis were used to determine whether the degrees of edema 
RESULTS
Clinical symptoms were obtained by chart review for 102 of showed normal findings of discs and bony structures. In the cases with idiopathic conditions, the average edema score was 4.6, and the correlation between posterior spinal structure degeneration and edema score was statistically significant (r = 0.312, p = 0.042) (Fig. 4) .
DISCUSSION
Physiologically, extracellular edema has two causes: that is, In the present study, 44% of 138 cases had an infectious disease of the spine. These diseases in our cohort were all of suppurative types. In general, suppurative spondylitis progresses more rapidly than the non-suppurative (tuberculous) variety. Most vertebral column infections are acquired via a hematogenous route and progressive subcutaneous and body-cavity edema typically develop in patients with sepsis, suggesting a widespread increase in vascular permeability (12, 13) . However, the present study also depicts that the grade of infectious spondylitis was not significantly associated with the degree of edema. In eight of 61 cases with an infectious condition, only the thoracic level was affected, indicating that edema usually occurs in a dependent region.
In addition, this study indicates that the correlation between the presence or absence of posterior spinal structure degeneration and the degree of PLS edema is significant. A higher subcutaneous edema ratio in patients with a degenerative posterior spinal structure may have been due to poorer lymphatic drainage in patients with LBP resulting from pain-related physical activity restriction (8) .
The present study has several limitations that warrant consideration. First, the study is inherently limited by its retrospective nature. Therefore, we were unable to calculate the BMI values for all patients due to a lack of data. Furthermore, we could not investigate drug use in detail, or patient's physical habits or occupational histories due to incomplete records. Second, the number of cases included was relatively small, possibly because the presence of 'PLS edema or fluid collection' was not reported.
Third, we assumed that abnormal edema-like signals on MR images were due to edema or discrete fluid collections, and these were not confirmed by image-guided aspiration or surgery. However, the determination of the precise nature of this abnormal signal is not straightforward, and confirmatory techniques often return ambiguous results.
In summary, MRI findings of posterior lumbar subcutaneous edema or fluid collection are commonly encountered by clinicians and radiologists. However, the present study shows that these findings are associated with a higher BMI along with the ly correlated with the BMI grade, 61 (66%) of 93 cases were overweight, indicating that PLS edema and fluid accumulation are more common in obese patients. In addition, Shi et al. (2) found that PLS edema was significantly more severe in women and in older patients. However, in the present study, the degree of edema was not found to be correlated with sex or age.
Furthermore, no correlation was found between edema or the fluid collection degree on MR images and clinical findings.
However, the greater severity of subcutaneous edema in the cases with lower back pain (LBP) might have been due to poorer lymphatic drainage in these patients due to pain-related physical activity restriction (8) . In the cases without other nearby abnormal findings, the posterior lumbar soft-tissue edema may have been caused by a general condition. Some conditions, such as DM, LC, CHF or other heart problems, can cause diffuse subcutaneous edema in any region of the body, particularly in the dependent regions. Furthermore, 33 cases had an underlying disease in this study, and 28 of these had DM. Edema is common in patients with LC or heart failure; yet, in the present study, only five cases had LC and six had heart failure. However, this may be due to a lack of spine MR examinations in LC or heart failure patients.
Edema in CHF is the result of the activation of a series of humoral and neurohumoral mechanisms which promote sodium and water reabsorption by the kidneys and the expansion of extracellular fluid. Furthermore, edema in LC is the result of sodium retention and is caused by mechanisms that lower the effective arterial blood volume, such as the overproduction of vasodilatory factors, by a damaged liver. These factors primarily lead to a marked fall in mesenteric vascular resistance and blood pooling as well as to a decrease in total peripheral vascular resistance.
Decreased hepatic albumin synthesis causes hypoalbuminemia and reduces plasma oncotic pressure, which enhances the movement of fluid into the interstitium (9) . The causes of diabetic edema include cardiovascular disease and its complications, such as nephritic syndrome or acute renal failure; renal artery stenosis; acute liver failure, cirrhosis, chronic hepatitis; drugs used to treat diabetes and a mixture of other factors, such as protein losing enteropathy, thiamine deficiency, simple premenstrual fluid retention, pregnancy and acute anaphylaxis (10, 11) . Edema in patients with extra-spinal tumor may be a result of multiple organ complications, including the liver, kidney or intestine, by
